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AUYNAMIC-MODELSTUDYOFTHEEIZTECTOFADDED

WEIGHTSANDOTHERSTRUCTURALVARIATIONSONTEEBLADE

EEl!JDINGSTRAINSOFAN~ TWO-BLADEJET-mIvEN

HELICOPTERINEWERINGANDJWRWARDFLIGHT

ByJohnLockeMcCartyandGeorgeW.Brooks

Thebladesofane~rhnentaltwo-bladejet-drivenhelicopterare
subjecttoa conditionofnearresonancebetweentbefrequenciesofthe
firstehsticbendingmodeofthebladesandthethirdharmoniccomponent
oftheaerodynamicloadingwhichresultsinhighbendingstrainsduring
normalflightconditions.Anexperimentalinvestigationhasbeencon-
ductedofa l/10-scaledynamicmodelofthehelicoptertodetezmdnethe
effectofvariouschangesinthedesignconfiguratiauonthebladebending
strains.Thesechangesincludedtheadditionofclifferentamountsof
concentratedweighttothebladesatvariousradialandchordwiseloca-
tionsandvariationsinthedesigncounterweightlocations,aswellas
changesinblade-pitch-controlstiffnessandbladebendingstiffness.
Testsweremadeunderbothhoveringandforward-flightconditionsupto
a tip-speedratioofapproximately0.18.

Theresultsofthetestsshowedthatthemaximumbendingstrains
occurredattip-speedratiosinthevicinityof0.10andthatthestrains
couldbereducedmateriallybyattachingtotheblsdes,atproperradial
stations,concentratedweightsthatwouldminimizetheaforementioned
conditionofresonance.Furtherreductionsinbendingstrainscouldbe
obtainedbytheproperlocatiboftheweightalongthechord.A concen-
tratedweighteqpalto5percentofthebladeweightappearedtobeabout
two-thirdsaseffectiveasa weightequalto10percentoftheblade
weight.

INTRODUCTION

!i3ehelicopterstructure,byvirtueofitsmodeofoperation,is
subjectedtopericdicloadshavinga widerangeoffrequencies.The
externallyappliedae~odynsmicforcingfunctionsmayberesolvedinto
periodiccomponentshavingfrequenciesequaltothevarioushaxmonicsof

.-. —....— -. —.- _______ _. .....— . . — — ...-. .— _ _ ____ ____ _ ._— _ ___ _ . ._
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therotationalfrequencyoftherotor.W theconventionaltreatmentof
helicopterproblems,theacceptedassumptionsofrotiting-wingtheory
includethe.limitatianthatanlythefundamentalandverylowhamlonic
componentsoftheaerodynamicforcingfunctionaresignificant.Inrecent
years,experhnentalstudies(forexample,ref.1)haveshownthatthemag-
nitudeoftherotor-bladekndingmometisduetothesunmationofthe
thirdthroughthetenthl&rmoniccmponentsmaybeaslargeasthecom-
binedcontributionsofthesteadyandthefirsttwoharmonicterms.Sim-
ilareffectsham beennotedelsewhereandfurtherreferencesarelisted
inreference1.

Thelargeblademcmentsattributabletothehigherharmonicinputs
appeartoetistprimrilybecausethenatunilfrequenciesofcertainblade
bendingmodessreapproximatelyequaltothefrequenciesoftbahamonic
loadings;thusconditionsofresonanceornearresonancearecreated.
ExperimentalfHghttestshavealsoshownthatlargefuselagevibrations
mayexistifthenaturalfrequenciesofthefuselagearenearthefre-
quenciesoftheperiodiccomponentsofthehanuonicaerodynamicforcing .
function. “~,

Ih 1949theNationalAdvisoryComitteeforAeronauticsconstructed
a l/10-scaledynamicmodelofanexperimentaltwo-bladejet-drivenheli-
copterwiththeprimaryobjectiveofstudyingthefluttersndground.
resonancecharacteristicsunderhoveringcmlditions.Duringthecourse
ofthisimestigation,itwasnotedthata promhemt3-per-revolution
bladebendingoscillationoccurredovera rangeofrotorspeedswhich
includedthedesignoperatingspeed.A briefsummaryofthe3-per-
revolutionvibrationswaspresented,togetherwitha descriptionofthe
modelandtheresultsoftheflutterandgrouudvibrationstudiesin
reference2.

Whentheprototypefull-scalehelicopterwasflawn,theflAght-test
reconlsshowedthatthe3-per-revolutionbladebendingvibrationsprevi-
ouslyfoundonthemodel under hoveringconditionsalsoexistedonthe
prototype;furthermore,theflight”testsshowedthattheamplitudesof
thevibrationsincreasedwithforwardspeedtotheextentthattheblade
bendingstressesimposedseverelimitationsonthefldght-testprogram.
As suggestedwhentheprdldmimrymodeltestresultswerereportedin
reference2,itappearedthatthebladebendingstresseswereaggravated
asa resultofa conditionofnearresonanceduetotheproximityofthe

natural frequencyofthefirstelasticbendingmodeofthebladestothe
thirdharmonicoftherotorspeed.

.

h viewofthecriticalnatureoftheblade-stressproblemonthis
particularhelicopterandthegeneralinterestonthesubjectofblade-
stressamplificationduetoconditionsofzx?sonance,theNACAinitiated
a testprogramtoevaluatemeansofreducingthebladestresses.The
resultsofthesetests,which~re conductedona l/10-scaledynamicmodel

:)
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ofthehelicopterinthereturnpassageoftheIangleyfull-scaletunnel,
arereportedherein.
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SYMEOLS

stiffness,ft-lb/radian

frequencyofnthelastic-bending-modevibration,cpm

frequencyofnthnatural-torsion-modevibration,cpm

massofconcentrated

total.~SS Ofblade,

weight, slugs

slugs

radialdistancetobladeelement,ft

bladeradius,ft

the, sec

tumnelspeed,ft/sec

Strainofnth~C

tip-speedratio,V cosa/RQ(COSa assumedequal.to1,where
a istherotorangleofattack)

phaseangleofnthhxhnonic,deg(Seesectionentitled“Methd
ofAnsJysisandPresentation.”)

rotorangularvelocity,radians/see

APPARATUSAND!FESTPRocEDmE

Apparatus

Themodeltestapparatus,consisting
systemofa l/10-scaledynamicmodelofa
helicoptermountedona tiltablesupport,

ofthe rotorandhubsuspension‘
particulartwo-blade,jet-driven
isshowninfigure1.-The

. . . . ..... . . . . . . ... . . .. .. .. ._______. . . .... . __ —— .. -. -.. . .. . . . . . .—-— —-— —.— --
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detailsoftherotorandsuspensionsystemaredescribedinreference2;
however,forconvenience,pertinentdimensionsml featuresoftherotor
andsuspensionsystemaregiveninthefol.lowingsections,alongwitha
descriptionofthesupportmechanismandtunnelusedinthisinvestigation.‘

Rotorsw ort.-Thedetailsoftherotors~ort, togetherwith
appropriatedimensions,areshowninfigure2. Theupperportionofthe
mechanismcanbetiltedforwardorbackwardthrougha rangeof*15°by
theelectricallypoweredactuator.Thsmodeltestawaratuswasmounted
onthefloorinthereturnpassageoftheIangleyfull-scaletunnelwith
thecenteroftherotorlocatedmidwaybetweenthetumnelwallsand
85.5inchesabovethefloor.Therotorsupper%wasdesignedtopermit
thepylonthessmefreedmofhorizontaltranslationthatitwasafforded
whenattachedtothemodelfuselage.

Rotorcharacteristicsandconfigurations.-Thetwo-bladerotorhas
a diameterof13feetanda solidityof0.055.!J!hebladesarerectangular
in plauform,areuntwisted,havea chordof6.8inches,andhavean
NACA23018airfoilsection.Thebladesareattachedtoth hubbymeans
ofblade-retentionstraps(fig.3)) whichtransferthecentrifugalforces
totheIuibad providea flap@mghingeat r/R= O.035;nodragMnges
areprovided.Tberotorispowaredbya compressed-airpressure-~et .
systemwithfourjetnozzlesateachbladetip.

_ t~ co~seofthetivestigation,testswaremadefornumerous
changestothebladessmdcontrolsystem.Eachchangeinthemodelis
identifiedbya differentc-igurationnumber.Altogether,55clifferent
confi~tionswerqtested.Theconfigurationhavinga swashplateas
theblade-pitch-controlmechanismandan~oard andanoutboardcounter-
weightlocated10.4and66.5inchesfmm thecenterofrotation,respec-
tively,made~ thebasicconfiguration.Thedifferentconfigurations
wereobtainedby (1)removalofthecounterweightsfromthebasicconfig-
uration,(2)relocationofandmodificationstotheoutboardcounter-
~ight,(3) chordwiseandradiallocationofdtiferentamountsofconcen-
tratedweight,(k)changesintheblade-pitch-controlsystem,and
(5)alterati-tothebladebendingstiffness. .

Theoutboardcounterweightwasmodifiedbytheadditionof0.10pound,
or2 percentofthebladeweight,tothecounterweight.Themodifications
areidentifiedintsblesI andIIasmodificationsA andB. Formodi-
ficationA,theweightwaslocated22percentofthechordforwardofthe
bladeleadingedgewhereasformodificationB,theweightwaslocated
55percentofthechmdforwadoftheleadingedge.

Concentratedweights,intheformofleadstrips,werealsoemployed
toevaluatetheeffectsofchangesintheradialaudchordtiseblademass
distributionsonbladebendingstrdns.Theseweights,weighing1/4pound !

.—. . .-— —— -——--.— —---- .. .— - —-—-. -.



NACATN3367 5

and1/2pound,providedmassratiosmfi of0.05and0.10(tablesII
andIII).TheconcentratedweightsweresynmetricUabouttheblade
chordandwereheldinpositiononthebladesurfacebymeansofindus-
trialfiber-glasstape.

Duringmostofthetestsblade-pitch-controlanuswerecoupledto
a mashplate,whichwaspresetbeforeeachgrouQofteststoprovidethe
desiredcollectiveandcyclicb.kde:pitchanglesatthedesignrotor
speed.However,asa meansofvaryingtheblade-pitch-controlstiffness
c= tostudytheeffectofbhde-pitkh=controlstiffnessontheblade
bendingstrains,severaltestswereconductedwiththeblade-pitchcuntrol
ams connectedtoa controlbesmmountedatopthepylonasshownin
figure3. Bytheproperselectionofcontrol-beamstiffness,thedesired
blade-pitch-controlstiffnesswasobtained.Twocontrolbesmswereused
duringthetestsand,forpurposesofidentification,arereferredto
ascontrolbeam1 andcontrolbesm2. Theblade-~itch-controlstiffnesses
forcontrolbeams1 and2were135and73foot-poundsofappliedtorque
perradianofrotationofthebladeroot,respectively.Theeffective
controlstiffnessoftheswashplatewas87.8foot-poundsperradian.
Thesevariationsareidentified@ tablesI andII.

Furtherconfigurationswereobtainedbyincreasingthebladebending
stiffness. (SeetableIV.) 5s additionalstiffnesswasaccomplished
bygluingwoodstripstotheexteriorsurfacesofthebladeandbyfairing
themsoastominimizeanychangesintheaerodynamicloadings.

Thenaturalf rquenciesforseveralnonrotatingbladeconfigurations
arelistedintableV. Thenaturalfrequenciesinchdethoseofthefirst
twouncoupledelasticbendingandtorsionmodes.Thesefrequencieswere
experimentallyobtainedbyexcitingtheblade,mountedonthesupport,
initsvariousmodesbymeansofanelectranagneticshaker.Althoughthe
numerouschangestothebasicconfigurationhadvaryingeffectsonthe
naturalfrequenciesoftheblades,‘themagnitudesofthechangesarenot
believedtobesufficienttoaffectappreciablythemodeshapesofthe
fundamentalblademode.

Tunnelcharacteristics.-ThereturnpassageoftheLangleyfull-scale
tunnelintheregionofthemodeltestshasa rectangularcrosssection
(X feetwideand65feethigh).Themeanvelocityinthemodeltestarea
couldbevaried~ toa maximumofapproxbnately35feetpersecondby
varyingthespeedofthetunnelfans.A continuousrecordofthetunnel
velocitywastakensimultaneouslywiththerecordsofbladestrainsand
showedfluctuationsinforwardvelocityofapproximately- percentof
themeanvelocity.Thesefluctuationsinvelocityareshowninfigure4
wheretheboun&uzLesoftunnel-velocityfluctuationsareshownasa
functionofthemeantunnelvelocity.Themeantunnelveloci~ismt
definedastheaverageofthemaximumandminimumvaluesbutrepresents

-------- -- . ---- . .. .. —.- .-. —.- -..-.— .—— . — --- —— -. —. ——.-..———————-—- — —



6 mm m 3367

thetunnelvelocitygivenbythevisualmeanoftracedeflectionsonthe “
oscillographreCOI’dS. Therecordsshowthattherqndomdisturbances
resultinincraentaldecreases”invelocitywhicharesomewhatgreater
thantheincrementalincreases.(Seefig.4.)

.

Instrumentation

!rheinst rmentationoftherotorsystemconsistedofanindicating
tachometer,a l-per-revolutionrotor-speedtimer,andstrain-gageinstal-
lationsontherotor.!lheoutputsfromtherotor-speedtimerandthe
straingages,togetherwiththatf- the*1-velocitY ~cator~ ~re
recordedonoscill.ographrecords.A sectionofa typicaloscillograph
recordisshowninfigure7 fora *1 velocityof15feetpersecond.

Theindicatingtachometerconsistedofa smallmultipolegenerator,
thearmatureofwhichwasfixedtotherotorhub. Thegeneratoroutput
wasfedintoa stroboscopicinstrument.

!thel-per-revolutionrotor-speedtimerconsistedofa spring-loaded ‘
1

brush-contactorarrangementwhichcauseda breakinanoscillographgal-
vanometerscircuitonceforeachrevolutionoftherotor. .

Electricalresistancestraingagesweremountedonthesurfaceof
onebladeonthequarterchordatstations36,46.6,and57.6totndi-
catebladebendingandtorsiondefamations.Stationnmbersrefer
tothedistanceininchesfromthecenterofrotation;thebladetipis
station78. Ikviceswerealsoprovidedtoindicatebladeflappingmotion
andthemotionofthe~lon relativetothesupport,butthesemeasure-
mentswerenotusedforthepresentanalysis.

Thewhd-velocity measurementtswereobtainedbymeansofa small
tedcantileverbeam.spheremountedonaninstrumen Thisspherewas

mountedapproxhatelyintheplaneoftherotorandwasdisplacedhori-
zontallyfromthecenteroftherotora distanceof1 rotorradiusforward
andappro-tely1 rotorMsmetertotheside.

TestTechnique

fillofthevariousmodelconfigurations,whichwereobtainedasa
resultofoneormorechangestothebasicconfiguration(configuration2)
weretestedunderbothhoveringendforward-flightconditions.The
testingtechniqueinvolvedincreasingtherotorspeedofthemodelto I
thenormalordesignval.uofX3 ~, at~ch t- the*UIUE1-s
broughtq tothedesiredspeedandanoscillographrecordwastakenof
therotorspeed,tunnelvelocity,andthestrain-gagemxponses.This
procedurewaszmpeatedfornineincrmentsoftunnelvelociwranging
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fromO (modelinhoveringattitude)tothemaximumvaluewhichcorre-
spondedtoa tip-speedratiow ofapproximately0.18.A continuous
recordwasthentakenasthetunnelvelocitygraduallydecreasedtoO
fol.lowingtheremovalofthetunnelpower.

Rotor-pitchandpylon-anglesettingscorrespondingtonomalflight
conditionstirefreqpentlyexsminedduringthecourseoftheteststo
checkforpossibledeviations.Theseanglesettingsincludeda collective-
pitchsettingof5.8°withrespecttothe”zero-liftlimeanda pylontilt
of3.1°forward;forconfigurationsemployingthaswashplate,therewas
a Swash-platetiltof3.1°forwardwithrespecttothedirectionofflow
or0°withrespecttotheshaft.

A fewtestswerealsomadeatrotorspeedsof250,300,and350rpm
atvarioustunnelvelocities;and,insomecases,continuousrecordswere
takenwhilethemodelrotorspeedwasvariedfrom283to350rpmandthe
tunnelvelocitywasheldconstant.

METHODOFANALYSISANDHUHENUWION

Theprocedurefollowedintheanalysisofthedatatoobtainthe
bladebendingstrainsmaybedescribedasfollows.Simultaneousreadings
ofthetunnel-velocitytracedeflectionandthedoubleamplitudesofthe
envelopeofthebladebendingstrain-gagetracedeflectionswaremeasured
ata numberofpointsontheoscillographrecordsforeachtunnelveloc-
ity.Thesetracedeflkctionswez%theninterpretedbymeansofcalibra-
tioncurvestoobtainthetunnelvelocitysmdbladeb- s’trains.
Calibrationofthebladebendingstrainsconsistedofstatictestswhich
involvedtheapplicationofknownweiglxtstothebladetip. Themeas-
med strainswarethenplottedasa functionoftip-speedratioasshown
bythedatapresentedfora typic~configurationinfigure6. WS fig-
ureshowsthevariationofbladebendingstrainswithtip-speedratioand
illustratesthatth&strainsaregreatlyincreasedasthetip-speedratio
isincreasedandreachamaximuminthetransitionregion,p= 0.10.
Asfurtherindicatedbythistypicalcase,thedataforallconfigurations
testedshowa substantialvariationinbladebendingstrainsata given
tip-speedratio.Thisapparentscatterofthedataispossiblyaggravated
bytherandmturbulenceoftheflowthroughtherotorasa resultof
nonuniformityoftheflowinthetunnel.

Becauseofthelargenumberofconfigurationstested,itwasessen-
tialtoobtaina con.ent methodofswmuarizingthedatatopermitthe
variousconfigurationstobereadilycomparedonthebasisofstrains.
Analysisofthedatashowedthata convenientwaytoobtainthissumary
wouldbetotakeanaverageofthemeasuredstrainsforeachconfiguration
testedbetweencertaixilimitsoftip-speedratio.b thisrespect,the

.

.—. .— - — —..
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strainsbetweenp of0.06and0.16wereaveragedtoobtainameanvalue
,r

foreachconfigurationasshuwnbythestraightlinelabeled“average”
IEndingstrainonfigure6. Thevaluesobtainedforeachconfiguration 4
are-listedintablesI toIVforthreeradialbladestatiaus.

Inadditiontoa comparisonofthetabulatedvaluesof“average”
strains,itisofinteresttoevaluatetheeffectsofcertatichangesin
themodelconfigurationonbladebendingstrainsthroughouttherangeof
tip-speedratiosachieved.Forthispurpose,curveswerefairedthrough
thedatapointsforthedesiredcotiigurationsina mannersimilarto
thewaythecurveisfairedthroughthedatapointsforthetypicalcon-
figurationshowninfigure6. Theretit~ CllrveS,whichShOwthe
effectsofvariouschangesinthemodelconfiguration,arepresentedand
discussedinthesectionentitled“ResultsandDiscussion.”

!l!hebendingresponseofseveralbladeconfigurationsatstation36
wasbarmonicalQanalyzedtodeteminethecontributionofeachofthe
firstfivehamoniccomponentstothetotalperiodicstrain.-Thishar-
monicanalysismadeuseofthefollowingvariationofstrainwithrespect ‘,
tothne:

e(t)= G1

‘4

Cos(m-$)+‘2Costw-‘J+‘3Cos(m-‘J+
Costw-‘o+‘5Coskm-‘J

wheret = O whentheazimuthangleoftheinstrhnehtedbladeisapprox-
imatelyequalto1470(theazhuthpositionoftheinstrumentedblade
whenthetimingblipisregisteredontheoscillographrecord).

Theharmonicanalysiswasobtainedbydividingtheazimuthangle
duringthecourseofonecompleterevolutionoftherotorintoI-2equal.
es a measur~tk strain-gageresponseobtainedateachaziquth
_. ~s Proc~= ms repeatedfor10successiverevolutionsofthe
rotorandtheave~e valueforeachazimuthanglewascomputed.The
averagevalueswerethenusedtocalculatethevariousharmoniccomponents
andassociatedphaseangles.

Aspointedoutintheintroduction,d- @e initial.tests(ref.2)
ofthisdynsmicmodel,whichwereconductedtostudyitsground-resonance
andfluttercharacteristics,itwasobservedthata prominent3-per-
revoltiionbladebendingoscillationwithresulting high strains was

/
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encounteredduringhoveringtestsovera rangeofrotorspeedswhich
includedthedesignoperatingspeed. Themodeltestconditionsunder
whichthesebladebendingoscillationswereobsezwdandanindication
oftherelativeamplitudeoftheassociatedst-insweretabulatedin
reference2. Auanalysisofthesedataledtotheconclusionthatthese
3-per-revolutionbladebendingoscillationswerepossiblymagnifiedbya
conditionofnearresonancebetweenthenaturalfrequencyofthefirst
elasticbendingmodeofthebladesandthethirdharmoniccomponentof
theaerodynamicloadingontheblades.Resultsfromflighttestsofthe
prototypeexhibiteda simi~ conditionofbladebendingwhilehovering
and,furthermore,indicatedthatthebendingstrainsweremagnifiedappre-
ciablyasthehelicoptermovedthroughthetransitionregionfromhovering
toforwardflight.inthelattercase,thestrainswereofsufficient
_tude to@ose severelimitationsontheflight-testprogramofthe
helicopter.

Theconditionofresonancetowhichtheamplificationoftheblade
bendingstrainisattributedisshownbythefrequencydiagrsmof
figure7,wheretheuncouplednaturalfrequenciesofthefirstelastic
bendhgandtorsionmodesareplotted,togetherwithharmonicsofthe
rotorfreqyencyasa functionoftherotorspeed.Thenaturalfrequencies
ofthenonrotatingbladeweremeasuredexperimentally,andthenatuml
frqyenciesoftherotatingbladewereobtainedbytheapplicationof
calculatedSouthweU-typecoefficients.(Seeref.3.) T&frequency
curveforthefirsttorsiontie ispresentedherebecauseitwillbe
referredtolaterina discussionofcouplingofbladebendingandtor-
siondeformationsduetochordwisedisphcementofaddedweights.An
inspectionoftherelativefrequenciesatthenormaloperatingrotor

tionedconditionofnearresonance.speedof283rpmShOWStheaforemen
Inanefforttosubstantiatefurtherthecontentionthattheblade‘bending
strainsareamplifiedbyconditionsofresonancebetweenthevarioushar-
moniclinesandthefrequencyofthefirstelasticbendingmodeofthe
blade,additionalstudiesofanexploratorynatureweremadeunder
hoveringconditions.Thesestudiesweremadebyoperatingthemodelat
variousrotorspeedsuptoandbeyondthenormalrotorspeedandnoting
therotorspeedswherestrainamplificationsoccurred.Theserotor
speedsareshowninfigure7 astheheaviedportionsofthevarioushar-
moniclines.

Aswasthecaseintheprevioustests=portedinreference2,these
resultsshowpredominant3-per-revolutionb@de bendingvibrationsmeas-
uredintheregionofthenormaloperatingrotorspeed.Althoughthe
figurealsoshowsa near-resonantconditionatthenozmaloperatingspeed
betweenthefrequenciesofthefirstnaturaltorsionalmodeandthefourth
harmonicoftherotorspeed,thepredominantperiodicstrainsmeasured
onthebladewerebendingstrains;.thisfactindicatesthat,forthebasic
bladeconfiguration,theeffectofthiscontitionofnearresonance&tween
thefourthharmonic&d thetorsionalfrequeyyonthebladebending
strainsisnegligible.

. . .— - -.. . . . . .... ._ .----- -,. -_----_e _. ..-_-._.. .-- _._._ __________ . ___.-
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steptowardtheeliminationofobjectionable .

ofthebladestrainswmld betoeliminateres-
vicinityofthenormaloperatingrangeofthe
maynotbeentirelyfeasible,itisthendesir-

abletoreducetheresonanceamplificationbyseparatingtheinputand
responsefre~nciestoobtainacceptablestrainlevels.Becausethe
thirdforcinghamnoniclineisfixedandthenormaloperatingspeedis
determinedfromtheconsiderationofperformance,thepermissiblecourses
ofactionare:

(1) To changethecurveofthenaturalbendingfrequencyofthe
bladeinordertominimizeconditionsofresonance

(2)Tocouplethebladebendingandtorsiondeformationsinsucha
mannerastoprovideeffectiveaerodynamicdsmping.

onemannerinwhichtheseobjectivesmsybeachievedistoattachcon-
centratedweightstothebladeatdifferentradialandchordwisestations
asdiscussedinthefollowingparagraphs.

Figure8presentstheresultsofananalyticalstudyshowingthe
effectonthemodelbladebendingfrquencyofa l/2-poundweight,which
representsamassratiomfiof0.10,locatedalongtheqparter-chord
lineattwobladeradialstations.A weightaddedattheantinodeof
thefirstelasticbendimgmodeofthebkdewouldputtheoperatimgcon-
ditionofthebladesclosertoa resonantconditionatthenormaluper-
atingrotorspeed,andhigherbladestrainsmightbeexpected.Znthe
samesense,theadditionofweightatthenodalpointwouldputthe
operatingconditionfartherawayfromresonancewiththethirdharmonic
atthenormalrotorspeedandwouldsuggesta reductionintheperiodic
bladebendingstrains.

Althoughtherestitsofthepre~ studiesindicatedessentially
notorsionstrains,thefrequencycurvesoffigure7 showthat,atthe
nomaloperatingrotorspeedjtheb- ftistelastic~nd~ freq~ncx
isneszthatofthefirsttorsionfrequency.Theproximityofthesetwo
freqyencieswouldindicatethe“possibilityofcou@Lingoftheblade
bendingandtorsionmodesforcertqinbladeweightdistributions.

h anefforttoevaluatetheextenttowhichthebladebending
strainscouldbemodified,asindicatedbyprelimhary_ses, a number
ofconfigurationstudieswereconducted.Theconfigurationstestedas
welllastheresultsobtainedaredescribedinthesectionsthatfollow.

lKfectsofVariationsinFlightConditions

~ ordertopermita compaisonofmodel-andprototypetestdata,
itwasimportanttosimulatetheflightconditionsinvoltingpylontilts,

—-. ——. —. ---———— ------
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cyclicandcollectivepitchangles,androtorspeedsoftheprototype
duringthemodeltests. Itwas@ractical,however,tomaintainexact
flightconditions.Fluctuationswerepresentintherotorspeedbecause
ofsmallinaccuraciesintheindicatingtachometerandintherotoratti.
tudesbecauseadjustmentstotherotordidnotreadilypemnitangle
settingstotheexactdesiredvalues.

W general,thefluctuationsintheanglesettingsandrotorspeed
couldbemaintainedtowithin5 percentofthemeanvalue.Howeverjit
wasofinteresttodetezminetowhatextentthesefluctuationswould
influencethebladebendingstrainsandtoevaluatethetrendsofvar-
iationofthebladebendingstrainswhichmightresultfromlargechanges
inpylon~andmash-platetiltsandrotorspeedswhichmightariseasa
resultofmaneuversandoverspeedconditions.A discussionoftheresults
oftestsofthistypeispertinent.

Effectofrotorspeed.-Thebasicconfiguration(configuration2)
wasstudiedbothatthenormaloperatingrotorspeedof283rp andat
theconditionofoverspeedof350rpm.Theresultsofthesestudiesare
given.infigure9,wherethestrainsmeasuredonthebladeatthetwo
rotorspeedsareplottedasa functionofthetip-speedratio.The
resultsindicatethatsmalldeviationsintherotorspeedhavelittle
effectontheperimlicbladebendingstrains,sinceuperationofthe
basicconfigurationatoverspeedyieldsstrainsthatareroughly10per-
centgreaterthanthestrainsmeasuredatthenormalrotorspeedinthe
transitionregion.Thestrainsresultingfromoperationofthemodelat
overspeedinthehoveringattitude,however,greatlyexceededthosemeas-
uredatthenormaloperathgrotorspeed.

Effectofvariationsinrotorattitudes.-A studyoftheeffectof
forwardpylontiltontheperiodicstrainswasmadeoncotiiguration~
(tableIV).Thisstudywasmadebytiltingthepylon,andconsequently
theentirerotorsystem,forward@to theairstresmwiththeswashplate
remainingfixedwithrespecttothepylon.Theresultsofthisstudyare
giveninfigure10wheretheperiodicstrainsare~lottedasa function
ofthetip-speedratio.l!hepylonwastiltedforwardinintervalsof2°
fromtheverticaltoamaximmme of8°. l?romanoverallconsideration
ofthecurves,forwardpylontilthaslittleeffectonthemaximumperi-
odicbendingstrainswithintherangestudied;however,fora pylontilt
of0°thestrainsappeartobesomewhathigherthanthoseforthenormal
pylonsettingof3.1°.Thesedataindicatethatdeviationsofthepyloh
attitudefromthedesiredsettingoftheorderofmagnitudeencountered
intheconfigurationstudiedwouldhavelittleeffectontheperiodic
bladebendingstrainsexcepttochangethe‘variationofstrainswith
respecttotip-speedratio.

-- ~ the-sh-phte =@.e r-tit in changes in theblade
cyclicpitchanglestithazhuth,orcyclicfeathering,which,inturn,
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leadtocbs.ngesinthemechanicalflappingoftherotorblades.Inas-
muchaschangesofa similarnaturemightoccuruiderflightconditions
involvingmaneuversofvarioustypes,itwasofinteresttodetenuinetbe
extenttowhichsuchchangeswouldinfluencetbeperidicbladebending
strains. Theperiodicbendingstrainsforfiveswash-platetiltangles
areshownasa functionoftip-speedratioinfigureU.. Thedataindi-
catethatchangesintheswash-platetiltsettingsoftheorderofmag-
nitudeencountendineffectingbladepitchsettingswouldresultin
negligiblechangesinbladestrain.However,thedatashowthatthe
bladestrainscanbemateriallydecreasedbymovingtheswashplatefrom
a rearwardtiltofapproximately3°toa forwardtiltofapproximately4°.
Similartrendsareshownbythebladebendingstrainsforallthreeblade
stations.

EffectsofVariationsinBladeConfiguration

Theresultsofthevariousconfigurationstudieswithrespecttothe
effectofthechangesitemizedintablesI toIVontheperiodicblade
bendingstrainsarediscussedinthesectionswhichfollow.

Effectofremovalofcounterweights.-Thecounterweightswereorigi-
nallymountedonthebladestominhizetheflutterproblem;however,
dynsmic--eltestsreportedinreference2 showedthattheeffeetof
counterweightsonflutterwasnegligible.Itwasofinterestthento
detezminewhetherornotremovalofthecounterweightswouldhaveany
appreciableeffectontherotor-bladebendingstratis.Forthisreason
separatetestsweremadeon@e bladewiththetioardaryloutboard
counterweightsremoved(configurations13and16,table.I). Theresults
ofthesetestsarepresentedinfigure12wherestrainsarecomparedwith
thestrainsofthebasicconfiguration(configuration2)andareplotted
asa functionofthetip-speedratioforthreeradialstations.

Thedataindicatethat, ascomparedwiththebasicconfiguration
whichhasbothcounterweightsattached,removaloftheoutboardcounter-
weightincreasesthebendingstrains;whereasremovaloftheinboard
counterweightdeckeasesbemlingstrains..Configurationsotherthanthe
basic,however,showa lesspronouncedeffectonthestrainsduetothe
ruminationofeachofthecounterweights.Removaloftheinboardco~-
terweight,(forexample,configuration47,whichhada concentratedweight
addedtothebladeatstation62.5),resultedinlittleornochangein
thebendingstrains,asisevidentfromcomparisonofthe“average”
bendingstrainsofconfigurations47and~. (SeetableIII.)

Effectofoutboardcounterweightposition.-Inviewofthefactthat
thepreliminaqstudiesindicatedthata radialvariationoftheadded
weightinfluencedtM bladestrainsandthattherewasa largesmountof
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weightalreadyaddedtothebladeintheformofcounterweights,studies
weremadetodeterminewhethertheperiodicbendingstrainscouldbe
reducedbya moderateradialmovementoftheoutboardcounterweight.
Thecounterweightcouldnotbemovedoutboardofitsnormalpositionat
station66.~ forstructuralreasons,soitwasrelocatedatstation62.5.
Anexampleoftheresultsofthesestudiesisgiveninfigure13,w~rein
thestrainsofconfigurations3 and13 (tableI)arecomparedoverthe
testrangeoftip-speedratios.Thedatashowthatthestrainsare
increasedbyrelocatingtheoutboardcounterweightfromstation66.5to
station62.5.

Effectofradiallocationofconcentratedwei@.- Asdiscussedin
thesectionentitled“PreMminaryStudies,”theresultsoftheanalytical
calculationsindicatedthats~stantialc&es inbladebendingstrati
shouldresultfromtheadditionofconcentratedweightsalongthequarter-
chofilineatclifferentradialstations.Theseresultsweresrtstan-
tiatedbydataobtainedforconfigurations43and47 (tableIII)presented
infigurelb(a).Inaddition,dataarealsopresentedinfigurelk(b)
forconfigurations33and37(tableII),whereinconcentratedweightswere
addedtotheleadingedgeoftheblade.Thesefigures”
inbendingstrainwithtip-speedratioatstations36,
Thestrainsmeasuredforconfiguration2,whichhadno
weights,arealsogivenineachcasetopermita ready
effectsoftheadditionoftheconcentratedweights.

showthevariation
46.6,and57.6.
concentmuted
evaluationofthe

Thetrendsshownbythedatapresentedinbothfiguresaresimilar
insofarastheadditionofconcentratedweightstot&ebladesdefinitely
influencestheperiodicbendingstrains.Tbeadditionofweighttothe
bladeattheantinodeineachcaseresultsinstrainswhichareconsid-
erablyhigherthsnthestrainsmeasuredforthesamebladeconfiguration
withnoconcentratedweights.Converse~,theadditionofa concentrated
weightatthenodalpointresultsina sizeablereductionintheblade
strains. Theaforementionedeffectsprevailedthroughouttherangeof
tip-speedratiostestedandresultedinthelargestdifferencesinblade
strainsattip-speedratioswherethestrainsareapproximatelya max-
imum(p= 0.10).

Effectofchomilwiselocationofconcentratedweight.-As shownin
figure7 andpointedoutinthesectionentitled“Pre~ ~~es,”
thecurvesforthefirstnaturalbendingandtorsionfreqyenciesofth
uncoupledmodesindicatethatthesefrequenciesatthenormalrotorspeed
areapproxtelyequal.Eecauseofthenonuniformmassdistributionof
theblade,the possibilityofcouplingofbladebendingandtorsiondefor-
mationarises.Forsomeoftheconfigurations,particularlythose
involtingtheadditionofconcentratedweightsatthenodalpointinsuch
a manuerastoincreasethebendingfreqpencybytensioneffectsandto
reducethetorsionfrequencybyinertiaeffects,thenaturalfreqpencies
ofthebendingandtorsionmodeswouldbeclosertoeachotherthanfor

. . . . . —._. .._ . . . ..- . ----- ____ ——---- ..— .—-— _ —-.. ____ _ __ . ..
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possibleeffectsofcouplhgofthebladebending-andtorsiondeformations
ontheperiodicbladebendingstresses,studiesweremadeforvarious
chordwiselocationsbetweentheleadingandtrailingedgesoftheblade “
atstations~ and62.5.Thesestudiesweremadetodeterminewhether
thesemodescouldbecoupledinsucha mannerastoreducetheperiodic
bendingstrains.Theresultsofthesetestsareshowninfigure15(a)
and15(b),wherethestrainsmeasuredatstations36,46.6,and57.6are
plottedasa functionofthetip-speedratio.

Thedatapresentedinfigure15(a)forconcentratedweightsadded
attheantinode(station34)indicatethatthebladestrainsareprogres-
sivelydecreasedas’theweightismovedfromtheleadingtothetrailing
edgeofthebladeatstations36and46.6butnotatstation57.6.~
datapresentedforthisstationshowedthatslightlyhigherstrainswere
obtainedwhentheconcentratedweightwasmountedatthe60percentchord
thanwhentheweightwasmountedatthequarterchord.Conversely,the
datapresentedinfigure15(b)forconcentratedweightsaddedatthe
nodal.point(station62.5)showthatthestrainsareprogressively
increasedastheyeightismovedfrm theleadingtothetrailingedge
oftheblade.Thesetrendsprevailthroughouttherangeoftip-speed
ratiosofthetests.

Inanefforttoaffonia bettercomparisonoftheeffectofchord-
wiselocationofconcentratedweightsattheaforementionedradialsta-
tions,the“average”valuesofthestrainscorrespondingtoeachofthe
curvespresentedinfigure”s15(a)and15(b),whicharepresentedin
tableII,areplottedasa functionofthechordwlselocationofthe
concentratedweightinfigure16. Themethodofobtainingthe“average”
strainfromthemeasureddataisdiscussedinthesectionentitled
“MethodofAnalysisandPresentation.” Thesestrainsarepresentedin
termsofa strainratiowhereinthereferencestrainineachcasecorre-
spondstothe“average”strainmeasuredontheconfigurationwithno
concentratedweights.Thedataarepresentedforthethreeradialsta-
tionsand,ineachcase,indicatethattheadditionofa concentrated
weightattheantinodepointresultsinstrainswhicharehigherthan
thosefortheconfigurationwithno-concentratedweights.Thedata
furthershowthattheadditionoftheconcentratedweightatthenodal
pointatchordw%selocationsrearwardoftheapproximatemidchordappears
tohaveessentiallynoeffectonthebendingstrains.However,moving
theconcentratedweighttowardtheleadingedgeofthebladeresultsin
a reductioninthebladestrainsandsuggeststhattheadditionofthe
weightaheadoftheleadingedgeatthisspsnwisestationwouldyielda
furtherteductionintheperiodicbladebendingstrains.

Effectofmassratiom~.- Jnordertostudytheeffectofmass
ratio,testsweremadewhereinthesmountoftheconcentratedweight
addedtotheleadingedgeofthebladeatstation62.5wasvaried.The

. .
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resultsofthesetestsarepresentedihfigure17,wherethestrainis
againplottedasa functionofthetip-speedratioforthreevaluesof
themassratiomfr. Thedatashowthatthereductionintheperiodic
bladebendingstrainswiththeadditionofconcentratedweightisappar-
entlynonlinear.Thereductioninthebendingstrainsfortheaddition
ofa concentratedweightequalto5 percentbladeweightisapproximately
two-thirdsofthereductionobtainedfortheadditionofa concentrated
weighteqtito10percentofthebladeweight.

Effectofblade-pitch-controlstiffness.-Theeffectofchangesin
theblade-pitch-controlstiffnessCa istochangethsfrequenciesof
thenaturaltorsionmodesfa oftheblades(tableV). Sticetheprox-
imityofbendingandtorsionfrequenciesatthedesignrotorspeedsug-
geststhepossibilityofcou@.ingbetweenbladebendingandtorsion
deformations,itwasof+nterest-todeterminetbeeffectofchangesin
thebladetorsionalfrequencyonthebladebendingstrainQ.Testswere
madefordifferentblade-massconfigurationsduringwhichtheblade-
pitch-controlstiffnesswasvariedbyuseofcontrolbeams1 and2
(Ca= 135and73foot-pounds/radian,respectively.)Theresultsofthose
testsarepresentedinfigure18,wherethestrabsmeasuredatsta-
tions36,46.6,and57.6areplottedasa functionoftip-speedratio
foreachconfiguration.

Thedatapresentedinfigure19showthatthestrainsareincreased
byanincreaseinblade-pitch-controlstiffnessCd bothforthecase
havingnoconcentratedweightsaddedtothebladeandforthecasewith
5 percentbladeweightaddedatstation~ at60percentchord.However,
thedatashowthattheeffectofincreasingtheblade-pitch-controlsttif-
nessisslightlybeneficial.when5 percentofthebladeweightisadded
atstation62.5atthebladeleadingedge.

Theresultsshowthatthechangeincouplingbroughtaboutbyvar-
iationsinthechordwiselocationoftheconcentratedweightismuchmore
effectiveinchangingthebendingstrainsthanthatbroughtaboutbyvar-
iationsinthetorsionalcontrolstiffness.

Effectofincreasingbladebendingstiffness.-Ananalysisofthe
relationshipbetweenthefirstnaturalbendingfrequencyofthebladeand
thefrequencyofthethirdharmoniccomponentoftheaerodynamicloading
(fig.7) suggestedthatanincreaseinthebladebendingfrequencywould
bebeneficialfromthestandpointofminimizingtheeffectsofresonance
simplification.Testsconductedwhereinthebladenaturalfrequencies
wereincreasedbychangesinblademassdistributionupheldthiscon-
tentionandledtoanexploratorystudyoftheeffectofincreasingthe
naturalfreqpencybyincreasingthebendingstiffnessofthebladebetween
stations43and64.The resultsofthesestudiesarepresentedin

.———-— -. -—- -_ _
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figure 19,wherethebladestrainsmeasuredatstations36,46.6sml57.6 ‘
are givenasa functionoftip-speedratioforthreebladeconfigurations.

Thesedataindicatethatthemajoreffectofstiffenhgtheoutboard
sectionofthebladesistochangetheradialdistributionofblade
strains. TIEstrainsmeasuredatstation36showthat,anincreasein
bladestiffnessinthemannerdescribedresultsina substantialincrease
inthebendingstrain,probablyduetostressconcentrationneartheends
ofthestrips.Thedatapresentedfurthershowthattheeffectonthe
bladestrai&measuredatstation46.6isnegUgible,
onthebladestrainsmeasuredatstation57.6appears

HarmonicAnalysis

whereastheeffect
inconsisixzlt.

A comparisonofthestrainsmeasuredduringthecourseofthisinves-
tigationshowsthattheamplitudesofthestrainsvaryconsiderablyas
a resultofchangesinthemodelconfiguration.Inasmuchaschangesin
configurationcausevariationsinthenaturalbendingand~orsionfre-
quenciesoftheblades,thereareresultingchangesintherelationships
betweenthenaturalfrequenciesoftherotorbladesandthevarious
harmonicsoftherotationalfrequency.A hUnlOdCa?lalySiSOftheStrain ‘
recozflsofa fewrepresentativecmfigurationswasmade,therefore,to
obtain~ ideaoftheharmoniccontent.@ thisregaxd,12-pointanalyses
weremadetodeteminethesmpldtudesandcorrespondingphaseanglesof
thefirstfivehsxmoniccomponentsforconfigurations2,3,13,43,47,
and48. TheresultsoftheseanalysesaregivenintableVIforthe
bending.responseatstation36. Theseconfigurationswereselected
becauseofthedesirefora moredeta~d studyoftheeffectoftlie
radiallocationofa concentratedweight(configurations2,43,and47),
theeffectofowbboardcounte~ightlocation(configurations3 and13),
andtheeffectoftheinboanlcounterweight(cotiigurations47and48).
!lhedatapresentedinfigure20forthebasicconfiguration(configura-
tion2)illustratethattheinformationintableVIcanbeplottedto
obtainthevariationsinthehamumiccomponentsofstrainandthecorre-
spondingphaseangleswiththetip-speedratio.

Mlexsmpleofthemannerinwhichtheamplitudesofthevariouscom-
ponentsvaryforchangesinconfi~tionsisshowninfigure21. The
strainresultingfromeachharm-c compo~ntata tip-speedratioof0.08
isplottedintheformofa bargraphforthreeconfigurationsinvolving
differentradiallocationsofa concentratedweight.Thesegraphsare
obtainedbyreadingthestrainofeachhammniccomponentata selected
tip-speedratioof0.08fromcurvessuchastheonepresentedinfigure20
whe?x?thedataforthebasic configuration were obtained.Itwasconcluded
fromtheanalyticalstudiesthattheadditionofa concentratedweight
attheantinodeofthebladewouldputthenaturalfrequencyoftheblades
closertoresonancewiththethirdharmonicoftherotorfrequencyatthe
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normaloperatingspeedandwouldresultinincreasedstrains
basiccmd?iguration.Similarti,accordingtothe&nalytical

17

overthe
studies,the

additionof-aconcentratedwei&tatthebladenodalpointwouldreduce
theeffectsofresonancesothattheperiodicbladestrainsaredecreased.
Theseconditionsaresubstantiatedbytheamplitudeofthethirdharmonic
componentofthestrainsshowninfigure--21.

Resultsoftheseandtheotherconfigurationsharmonicallyanalyzed
canbeplottedina similarfashionforothertip-speedratios.

CONCLUSIONS

Theresultsofa systematicstudyoftheeffectsofvariouschanges
inthedesignconfigurationofthebladesofa l/10-scaledynamicmodel
ofauexperimentaltwo-bladejet-drivenhelicoptersuggestthefollowing
conclusionswithregardtob?kdebendingstrains:

1. Thebendingstrainsencounteredduringsimulatedforwad-flight
conditionsweresubstantiallygreaterthanthoseencounteredduringhov-
eringconditions.Thetip-speedratiowasvariedfromO toapproxi-
mately0.18foreachmodelconfigurationstudied;and,innearlyall
cases,themaximmbendingstrainsweremeasuredata tip-speedratioof
approximately0.10.

2.Thebladebendingstrainsshowedthatthemadmumbendingmoment
occurredinthevicinityofradial.station46.6,thatis,46.6sMS
fromthecenterofrotation.

3. llmp~icationsofthebendingstrainwerenotedwhena condition
ofresonanceornearresonanceetistedbetweenthefreqyencyoftheblade
initsfirstelasticbendingmodeandthefrequenciesofthehszmonic
loadings. Thethirdharmonicloadingwasofprimaryinterestbecausea
resonantconditionbetweenthisharmonicandthenaturalbendingfrequency
existednearthenormaloperatingrotorspeedof283rpm.

4.Theadditionofa concentratedweighttothebladeonthegyarter
chordattheradiallocationoftheanthcdalpointofthefirstnatural
bendingmodeaggravatedtheconditionofresonanceandincreasedthe
bladebendingstrains.Theadditionofa concentratedweightatthencdal
pointminimizedtheconditionofresonanceandresultedina reduction
inthebladebendingstrains.Thisreductionappearedreasonablewhen
theeffectofconcentratedweightsonthebladebendingfrequencywas
med.

I. .. . ...______.. ... .__________.... . . ---- ———-.-.—-....—-.
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5. Theadditionofa concentratedweightequalto5 percentofthe “
bladeweightappearedtobeabouttwo-thirdsaseffectivainchanging
thebladestrainsasa weightequalto10percentofthebladeweight.

6. Variationinthechordwiselocationoftheconcentratedweights
affectedthecouplingofthebendingandtorsionalbladedeformationsand
resultedinsubstantialchangesinbladebendingstrains.Thelowest
bladebendingstrainswereobtainedwhentheconcentratedweightwas
locatedatthel.e -

Y
edgeofthebladeattheradiallocationofthe

naleofthefirste sticbendingmode.

7.-es ~ theftisttorsionalfrequencyofthebladeoffiOper-
centobtainedbyvariationoftheblade-pitch-controlstiffnessresulted
inonlyminorchangesinthebladebendingstrains.
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TAmEV

NONROTATINGNATURALFREQUENCED!HOFVARIOUSBLMlllCONFIGURATIONS

\ Frequency,cpm
Configuration‘

‘hl fh2 fq fa2

2 5U.8 1746 960 1920

3 503.4 1680 1095 2448

4 5=.4 1686 1338 2724

5 513 1680 900 2349

<

7 ----- ---- 119? 2400

U ----- ---- 987 2358

12and13 480 171.61212 2598

52 517.8 1800 1032 2400

53 540 1842 1050 2346

.

.

—.. -. - . .. —---- -.——— —— -- --— - -——— —- - . ..-—
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.

mm *

H.rsthOammdc ~~ !M.xd~o rourth~ M ~c
m- P

c1 h % A ‘3 ?3 Q 6 ‘5 %

o.&7339.6X U+ 230.323.2xd =5.3 91.8X+ ~.3 ~.~xd m.s 3.0.4x+ 2.0

.* U&l 240.063.8 161.3169.o 2C4.3IJ..3 138.69.5 217.9
2

.W2 m.o m.2 71.9 U4.136h.6 *.1 2.6 18zo23.4 W7.1

.W kg.b 2&3.o53.7 M7.9fi3.9 Im.x*J m.1 9.7 Wu

.036Woo 229.116.5 22J+67.6 168.119.9 1o5.32.6 198.4

.1o3KU5.6 237.6%.2 83.8IJ20.3 ls3 30.3 126.915.6 -.5
3

J.& gl.o 2kg.366.7 llXL491.8 m.2 7.8 W2.5 9.5 W3.3

.lh5w+ 2%1.176.2 !53.249.4 W.O 13.9 W5.o27.7 188.9

.047x5.8 -9 57= w6.8L?3.o a9.324.2 2k3.85.2 *.4

.& L?6.T 256.732.0 z4b.5E&? *.2 6.0 32.5 9.5 22W?
u ,

.Iz?68.4 2W2 76.2 144.71?L7 W8.923.2 le?.1W.I. 223.2

.16234.’? 273.757.2 96.962.4 lgo.k23.9 IEO.34.3 2a.8

.056w2.6 2#.k 93..9 1.3L2226.0 236.318.2 a.o 11.3 26.6

.W 124.o =9 X9.2 tig.133s.0 W.O Ig.1 2%.322.5 m.5
43

.& 82.3 ma 99.7 W3.4339.5 233.3lf5.5 W&g 7.8 2w.6

.m 39.8 2-L? @.$? lm.1183.3 W2.7 9.5 m6.626.9 *.7

.ma %.1 233.43s.4 U4.1 32.0 185.712.1 1.44.o5.2 1.41.k

.alg83.1 220.342.k 1.01.8Q.5 ly3.83.2 lw.o11.3 W3.o
47

.rlo6%.1 222.837.3 ln%g U.2 36L613.9 WO.322.7 W3.5

.16333.8 226.123.4 &.o 30.3 IkL816.5 in.1=.7 163.7

.03378.0 236.3 5.2 Ikg.?29.4 186.75.2 m9.4 5.2 W.5

.0?879.7 226.829.5 1o6.967.6 140.27.8 kg.kW.9 W5.3
w

.= m.? 238.942.5 1.m.6%?.0 136.514.7 1oo.o28.6 lm.o

.m %.0 279.2 33.9 83.044.2 147.916.5 72.6=.6 WI..3

‘,

.
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Figure 1.- kkdal tad apparatus. L-85028
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Fi~ 2.-Dimensionalsketchofrotorsupport.
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Figure 3.-Echematicdrawingof rotorhub 6howing control-beam Installation.
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